24 25 The European heavy metals in mosses biomonitoring network provides data on the 26 concentration of ten heavy metals in naturally growing mosses and is currently coordinated by 27 the UNECE ICP Vegetation (United Nations Economic Commission for Europe International 28 Cooperative Programme on Effects of Air Pollution on Natural Vegetation and Crops). The 29 technique of moss analysis provides a surrogate, time-integrated measure of metal deposition 30 from the atmosphere to terrestrial systems. It is easier and cheaper, less prone to 31 contamination and allows a much higher sampling density than conventional precipitation 32 analysis. Moss surveys have been repeated at five-yearly intervals and in this paper we report 33 on the temporal trends in the concentration of arsenic, chromium, copper, iron, nickel, 34 vanadium and zinc between 1990 and 2000. Maps were produced of the metal concentration 35 in mosses for 1990, 1995 and 2000, showing the mean concentration per metal per 50 km x 36 50 km EMEP grid square. Metal-and country-specific temporal trends were observed. 37 Although the metal concentration in mosses generally decreased with time for all metals, only 38 the decreases for arsenic, copper, vanadium and zinc were statistically significant. The 39 observed temporal trends were compared with emission trends for Europe reported by EMEP 40 (Co-operative Programme for Monitoring and Evaluation of the Long-range Transmission of 41 Air Pollutant in Europe). 42 43
The heavy metals in mosses biomonitoring network was originally established as a 48
Swedish initiative (Rühling and Skärby 1979; Tyler, 1970) . The idea of using mosses to 49 measure atmospheric heavy metal deposition is based on the fact that ectohydric mosses 50 obtain most trace elements and nutrients directly from precipitation and dry deposition; there 51 is little uptake of metals from the substrate. The technique of moss analysis provides a 52 surrogate, time-integrated measure of metal deposition from the atmosphere to terrestrial 53 systems. It is easier and cheaper than conventional precipitation analysis as it avoids the need 54 for deploying large numbers of precipitation collectors with an associated long-term 55 programme of routine sample collection and analysis. Therefore, a much higher sampling 56 density can be achieved than with conventional precipitation analysis. The higher trace 57 element concentrations in mosses compared to rain water makes analysis more 58 straightforward and less prone to contamination. In addition, heavy metal measurement data 59 from precipitation analysis can be very uncertain if the detection limits of the applied 60 analytical technique are high (Ilyin et al., 2006) . Despite improvement of the analytical 61 techniques the latter remains a problem due to the general decline in anthropogenic emissions 62 and subsequent deposition of heavy metals in recent decades. Although the heavy metal 63 concentration in mosses provides no direct quantitative measurement of deposition, this 64 information can be derived by using regression approaches relating the results from moss 65 surveys to precipitation monitoring data (e.g. Berg and Steinnes, 1997; Berg et al., 2003) . 66
The moss survey has been repeated at five-yearly intervals and the number of 67 participating European countries has expanded greatly since 1990 (Buse et al., 2003; Rühling, 68 1994; Rühling and Steinnes, 1998) . Currently, the 2005/2006 moss survey is being conducted 69 in 32 countries, analysing moss samples from over 7 000 sites across Europe. For the first 70 time the majority of countries (18) will also determine the nitrogen concentration in mosses 71 (ca. 3 200 sites), as a pilot study for selected Scandinavian countries has shown that there was 72 a good linear relationship between the total nitrogen concentration in mosses and atmospheric 73 nitrogen deposition rates (Harmens et al., 2005 (Harmens et al., 2006) are designed to 83 meet the requirements of the LRTAP Convention, particularly at present the need to provide 84 information for the review of the 1999 Gothenburg Protocol to abate acidification, 85 eutrophication and ground-level ozone and the 1998 Aarhus Protocol on heavy metals. The 86 latter was the first Protocol for the control of emissions of heavy metals; cadmium, lead and 87 mercury emissions were targeted as they are the most toxic. 88
The European moss survey provides data on concentrations of ten heavy metals (As, 89 Cd, Cr, Cu, Fe, Hg, Ni, Pb, V, Zn) in naturally growing mosses (Buse et al., 2003; Rühling, 90 1994; Rühling and Steinnes, 1998) . The main purpose of the survey is (a) to provide, in the 91 form of maps, spatial information on the distribution of heavy metal concentrations in mosses 92 in Europe, (b) identify main polluted areas, and (c) develop the understanding of long-range 93 transboundary pollution. In general, there was a clear east/west decrease in the concentration 94 of heavy metals in mosses, related in particular to industry. Former industrial or historic sites 95 of heavy metal pollution (e.g. mines) accounted for the location of some high concentrations 96 of heavy metals in mosses in areas without contemporary industries. Long-range 97 transboundary transport appears to account for elevated concentrations of heavy metals in 98 areas without emission sources (e.g. in Scandinavia). Many contributors to the survey have 99 reported their national data in greater detail elsewhere. 100
In this paper, we report on the temporal trends (1990 -2000) of arsenic, chromium, 101 copper, iron, nickel, vanadium and zinc concentrations in mosses and these trends were 102 compared with trends in anthropogenic emission data reported to EMEP (Ilyin et al., 2006; 103 Task Force on Heavy metals, 2006). In a previous paper we reported on the temporal trends of 104 cadmium, lead and mercury concentrations in mosses and the comparison with modelled Weighting was applied to take into account the accuracy of the calculated geometric means 140 (i.e. the density of sampling varied between countries) and to give more weight to larger 141 countries and less to smaller ones. 142 (Table 4 ) and no significant trend was found in 162 the average geometric mean values for countries that analysed Cr in all survey years (Table  163 5). For some countries (Iceland, Italy, Lithuania, Slovakia, Spain and UK) the median Cr 164 concentration in mosses increased between 1990 and 2000 ( Table 1 ). The highest median Cr 165 concentrations were found in Romania and Slovakia. 166 167
Copper (Cu) 168
Although the year of survey significantly affected the average geometric mean Cu 169 concentration in mosses (P = 0.026; Table 5 ), this was primarily due to a decline between 170 and 1995, for others between 1995 and 2000, whereas some countries showed no change or a 173 small, steady decline between 1990 and 2000 ( Figure 3 ; Table 1 ). In quite a number of 174 countries (Austria, Faroe Islands, France, Hungary, Italy, Romania, Switzerland and Ukraine) 175 the median Cu concentration in mosses increased between 1990 (or 1995) and 2000 (Table 1) . 176
The highest median Cu concentrations were found in Bulgaria, The Netherlands, Romania 177 and Slovakia. 178
179
The average geometric mean Fe concentration in mosses decreased between 1990 and 1995, 181 but increased again between 1995 and 2000, resulting in no significant change with time (P = 182 0.099; Table 5 ). The decrease between 1990 and 1995 was particularly observed in most of 183 central and eastern Europe ( Figure 4 ; Table 3 ). The high Fe concentrations in mosses in 184
Iceland are due to drift of volcanic ash and windblown soil dust. Extremely high Fe 185
concentrations were also observed in Romania (due to local industry) and Spain (possibly due 186 to soil contamination by windblown dust) in 1990; the 1990 data for Spain are based on 187 sampling from only 8 sites. Overall, the decrease in the median Fe concentration in mosses 188 was 44% between 1990 and 2000 (Table 4 ). 189
190
Despite a steady decline in the average geometric mean Ni concentration in mosses across 192
Europe between 1990 and 2000, the decline was not significant (P = 0.074; Table 5 ). The 193 overall decline in the median value was 30% (Table 4 ). For some countries the decline in the 194 median value was highest between 1990 and 1995, for others between 1995 and 2000 (Table  195 2). In quite a number of countries (Bulgaria, Faroe Islands, France, Hungary, Iceland, Italy, The average geometric mean V concentration in mosses declined steadily and significantly 205 between 1990 and 2000 (P = 0.000; Table 5 ), with an overall decline in the median value of 206 32% (Table 4) The average geometric mean Zn concentration in mosses declined significantly with time and 214 the highest decline occurred between 1990 and 1995 (P = 0.021; Table 5 ). The overall decline 215 in the median value was 19% between 1990 and 2000 (Table 4 ). Nevertheless, country-216 specific temporal trends were observed between the survey years, with even an increase in the 217 median Zn concentration being observed for Bulgaria, France, Hungary, Iceland, Italy and 218 Romania between 1990 (or 1995) and 2000 ( Table 2) Non-ferrous metals (15%); 279
• Nickel:
Petrol refining (33%); 280
Public electricity and heat production (22%); 281
• Zinc:
Road transportation (42%); 282
Metal production (21%). 283
The anthropogenic emission sources for cadmium, lead and mercury were described in detail 284 elsewhere (Harmens et al., in press ). Although both nickel and vanadium are thought to derive 285 from crude oil combustion, the moss maps for these metals were quite different for the early 286 European surveys; for the most recent survey in 2000 the maps for nickel and vanadium 287 appear to be more similar. Nevertheless, for the whole of Europe the vanadium to nickel ratio 288 in mosses did not change, based on the average median values for countries that determined 289 the metals in both 1990 and 2000: 1.66 and 1.63 in 1990 and 2000 respectively. Differences 290 in nickel and vanadium deposition maps have also been reported at the national scale (e.g. 291 Fowler et al., 2006) . 292
When examining the results of the moss surveys it should be kept in mind that the 293 heavy metal concentrations in mosses do not directly reflect the total deposition of heavy 294 metals. There are differences in the accumulation of individual heavy metals in mosses and 295 the heavy metal concentrations in mosses are also affected by factors other than atmospheric 296 pollution. These factors were discussed in more detail by Harmens et al. (in press ). However, 297 the similarity in temporal trends reported for the data of the European moss survey and the 298 modelled total depositions of cadmium, lead and mercury suggests that at the European scale 299 the reported temporal trends for these metals were not affected by any potential confounding 300 factors (Harmens et al., in press) . 1 For arsenic the values are based on data from 5 countries only (see Table 1 ). The median 439 value of arsenic concentrations in mosses for countries (n = 17) that analysed arsenic both in 440 1995 and 2000 is 0.29 for both years, indicating that arsenic concentrations in mosses 441
primarily decreased between 1990 and 1995. 442 Table 1 ). The geometric 448 mean values of arsenic concentrations in mosses for countries (n = 17) that analysed arsenic 449 both in 1995 and 2000 are 0.32 and 0.31 respectively; therefore, the arsenic concentrations in 450 mosses did not change significantly (P = 0.30) between 1995 and 2000 for those countries. 451 452
